The prerequisite for an efficient electron-positron gamma ray laser, which is the rapid formation o f a dense electron-positron plasma in a time shorter than the time for pair annihilation, is ideally fulfilled in a relativistic electron-positron superpinch. Because the cross section for annihilation decreases quadratically with the center o f mass energy, the tim e require ments otherwise im posed, are greatly relaxed. A relativistic electron-positron pinch can collapse under a com plete population inversion into a very dense state possessing the form o f a long filament, just as it is required for a gamma ray laser. The gamma ray energies are the total center o f mass energies, which can be much larger than the electron-positron rest mass energies.
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To establish a non-relativistic electron-positron plasma with the number density n, the formation of the plasma must take place in a time shorter than the time for pair annihilation
where a = 7ir0(r0 = e2/m c 2 classical electron radius, c velocity of light) is the cross section for pair anni hilation. Taking the minimum value of n = 4 x 1020 cm~3 computed by Bertolotti and Sibilia [1] to be needed for a nonrelativistic electron-positron laser, it follows that the time for formation must be less than t.d ~ 10"6 s. There appears, therefore, to be little hope to reach a usable population inversion in a nonrelativistic electron-positron plasma. How ever, it was pointed out by the author [2] several years ago that a large population inversion can be achieved in a relativistic electron-positron plasma because there the cross section for pair annihilation is greatly reduced. Moreover, in such a relativistic electron-positron plasma one can reach very high densities without destroying the population in version in the time it is established. Furthermore, through the linear geometry of the pinch configura tion the population inversion is reached in a long dense filament, just as it is required for a gamma ray laser. The idea emerged as a byproduct out of a concept to reach ultrahigh densities in a collapsing relativistic electron-positron superpinch. erties of such relativistic superpinches were analyzed by Meierovich [3] who also showed that they are expected to be quite stable [4] . The superpinch is formed through the coalescence of two counterstreaming relativistic electron and positron beams of equal energy and intensity (see Fig. 1 ), where the electrons and positrons equally contribute to the total electric current I. If such a relativistic pinch configuration has been estab lished, it will shrink in its diameter if the cur rent is larger than some minimum current / min? the reason being that above this minimum current the electron-positron plasma will lose more heat through the emission of synchroton radiation than it is gaining by collisions between the electrons and positrons. The frequency of the synchrotron radia tion always matches the plasma frequency, and the plasma remains therefore transparent to the emitted synchroton radiation, regardless of the density the plasma has reached. As a result, the pinch con figuration collapses into a final state of very high density, ultimately determined by the laws of quantum mechanics. However, for the pinch to have an equilibrium, the total current must be less than a maximum current / max. It turns out that below this current the kinetic particle energy is always larger than the magnetic field energy inside the pinch. For the minimum and maximum currents one finds / m,n //A = (9 /4 y 2) ln A,
where / A = m c3/e = 17000 A, A = r/r0, r is the pinch radius, and y = ( l -v2/c2)~u2, v is the electron and positron velocity. One typically has (9/4) \nA ~ 100. 
For I = yIA in particular one has ticos=tic/r. Depending on the smallness of r reached during the pinch collapse, the wavelength of the emitted syn-chrotron radiation can become very short. Near the quantum limit, which for example can be reached at r ~ 10~12 cm, one finds that hcos ~ 20 MeV. The e-fold time needed for the pinch of initial plasma radius r to collapse was computed to be t0 = (9/8) (r2/r0cy2) (I A/ /) .
This time has to be compared with the time for pair annihilation. In case of relativistic electrons and positrons colliding head on, the annihilation cross section is g = (n tr\!y2) In (2 y).
Compared to the nonrelativistic situation the cross section is therefore roughly reduced by the factor I /72. This large reduction in the cross section combined with the rapid pinch collapse is the reason why under these circumstances a large population inversion at a high density can be achieved.
With the cross section given by (6) we find for the annihilation time 
such that h/td = (9/32) ( 1/y4) In (2 y) ,
independent of r and /. This ensures that even for modestly large y-values always t0 < t.d.
To employ the configuration this way established as a gamma ray laser, it is required that the axial motion of the electrons and positrons is greatly reduced. Only then is a laser action by a photon avalanche along the pinch channel possible. Ac cording to (3) this requires to put / = yIA. The gain which can be reached in a plasma column of length / is then computed to be
The gamma ray photon energy released per unit length of the pinch channel is is not yet explored, that the very large self-magnetic beam field, which for / = 3.4 x 10-A and r = 10~7 cm is ~ 1012 Gauss, can carry a recoil momentum. In this case all the energy released during annihilation could go into one 20 MeV gamma quant, rather than two 10 MeV quants moving in opposite directions.
During the collapse of the pinch to a smaller radius the magnetic energy outside the pinch column increases. This energy must be taken from the energy stored in the pinch channel. The energy in the pinch channel is the sum of the kinetic particle energy and magnetic energy. The kinetic particle energy per unit pinch length is £kin = (ymc2/r0) ( / / / A) .
The magnetic energy inside the pinch channel is
and outside the channel Ee H= (mc2/r0)(I/IA)2 In(R/r),
where R is the radius of the return current con ductor. To compensate for the rise in the magnetic energy outside the channel we make at the beginn ing of the collapse y=yo larger than its final value y = / / / A. With y0 > y one has v \/c 2 = //y01A = y/y0<^ 1. Therefore, at the beginning of the collapse / remains unchanged since there c o s a = l . The kinetic energy at the beginning of the collapse therefore is £{an = 7o (m c2/r0) (/ / / A) = (m c2/r0) y y0. (14) Under the choice whereby the initial pinch radius /'i = R, the magnetic energy at the beginning of the collapse is 
At the end of the collapse the kinetic energy is £kin = im c2/r0) y2 .
Unlike in the expression for the kinetic energy where the current / is simply a measure of the number of particles, leaving the factor I/IA un changed during the pinch collapse, / = y / A, must there be multiplied by the factor cos a = 0.62. With this adjustment the magnetic energies, inside and outside the pinch, and at the end of the collapse are 
follows that y0 /y = 0.693 + 0.384 In ( r /r ) .
For the example r, ~ 1 cm, 10_7cm follows yjy~ 7. Therefore, if y = 20 then y0 = 140, which corresponds to 70 MeV electrons and positrons. The maximum current / = yIA = 340000 A is well above the mini mum current given by (2) , which for the example given is / min = / A/4 ~ 4000 A. In the moment of maximum pinch contraction the curent is reduced by the factor cos a to = 210000 A. The electronpositron plasma would therefore have to be estab lished by the coalescence of two 170 000 A 70 MeV electron-positron beams.
